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3 of up to two mismatches. The relative transcript abundance was measured in reads per kilobase of exon per million mapped sequence reads (RPKM) (Mortazavi et al, 2008) .
Protein extraction and proteome analysis
Proteins were extracted from 50−100 mg of cells and 100 µg of each sample was digested with trypsin as described previously (Wang et al, 2012) . After trypsin digestion, 100 µg of each sample was used for iTRAQ labeling using 4plex iTRAQ reagents according to the manufacturer's instructions (AB Sciex, Foster City, USA). Since there are seven time points in this study (0, 1, 2, 4, 6, 12 and 24 h), two 4-plex iTRAQ experiments were performed for each biological replicate. The samples from 0 h were labeled with reagent 114 in both experiments.
The samples from 1, 2 and 4 h were labeled with reagents 115, 116 and 117 in one experiment, respectively, and similarly, the samples from 6, 12, and 24 h were labeled with reagents 115, 116, and 117 in a second experiment, respectively. Labeling was performed as described previously (Wang et al, 2012) . After labeling, samples from each separate experiment containing labels 114-117 were mixed and fractionated via SCX as described previously (Alvarez et al, 2011) .
Approximately 5% (~18 μg) of the mixture was collected every minute, dried down and cleaned up with a C18 spin column (ThermoFisher Scientific, Rockford, USA) according to the manufacturer's instructions. Individual fractions were then lyophilized and dissolved in 10 μL of 5% ACN, 0.1% formic acid. Samples from 4 to 28 min were analyzed by nano-LC-MS/MS as described previously (Wang et al, 2012) .
Mass spectral data were processed using Mascot Distiller v2.4 and searched using Mascot Daemon (Matrix Science, London, UK) as described previously (Wang et al, 2012) with some modifications. All searches were performed against the merged Chlamydomonas protein database containing sequences from Phytozome and the NCBI chloroplast and mitochondrion databases (19,603 total sequences for the combined dataset) using the same parameters as before.
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Extraction and analysis of primary metabolites
Primary metabolites were extracted and analyzed following a previously validated procedure (Lee and Fiehn, 2008) . Samples were frozen with liquid nitrogen when they were collected. All samples were stored at -80 °C until required for GC-MS analysis. As biological replicates, samples were collected from 3 individual cultures.
Primary metabolites were extracted from lyophilized samples as follows. Lyophilized samples in 2 ml safe-lock microtubes (Eppendorf) were disrupted using a single 5 mm i.d. steel ball, followed by the addition of 1.0 mL extraction solvent of methanol:isopropanol:water (5:2:2) and vortexing. After 2 min centrifugation at 16,100×g, the supernatants were collected and concentrated to dryness. The dried extracts were reconstituted with a secondary extraction solvent (acetonitrile: water, 1:1). The supernatants were dried for further analysis followed by 5 min centrifugation at 16,100×g. The residue was resuspended in 5 µl of a solution of 20 mg·ml -1 of 98% pure methoxyamine hydrochloride (Sigma, St. Louis, MO) in pyridine and shaken at 30 °C for 90 min to protect aldehyde and ketone groups. Next, 45 µl of MSTFA with 1% TMCS (1 ml bottles, Pierce, Rockford IL) was added and shaken at 37 °C for 30 min for trimethylsilylation of acidic protons.
Primary metabolites were separated, identified and quantified on an Agilent 7890 gas chromatograph (Santa Clara, CA) coupled to a time of flight mass spectrometer (Pegasus 4D, LECO, St. Joseph, MI) that had been equipped with an MPS-2 Prepstation sample robot (Gerstel, Muehlheim, Germany) and that used an RTX®-5Sil MS with Integra-Guard® column (30 m × 0.25 mm ID × 0.25 μm film thickness) from Restek (GmbH, Bad Homburg, Germany). The oven temperature was held initially at 50 °C for 1.0 min, raised at 20 °C·min -1 to 330 °C, and held for 5.0 min. The column flow (constant) was 1 mL He·min -1 . A sample volume of 1.0 μL was injected in splitless mode. Mass spectra were acquired from m/z 35-500 at a rate of 17 spectra·s -1 .
Primary metabolite data analysis was performed using ChromaTOF software version 4.41, which supports automatic deconvolution of all mass spectra from a chromatogram, built in massspectral correction for co-eluting metabolites, calculation of retention indices, and identification of a suitable fragment mass-to charge ratio for selective quantification.
An in-house metabolite mass spectral library and the LECO/Fiehn Metabolomics library were used for identification of compounds. Each identified metabolite was assigned a similarity 5 value, which is a measurement of the similarity between the collected spectrum and the library mass spectrum. Identifications were only assigned if this value was higher than 700 as a cut-off value. In the Statistical Compare feature of ChromaTOF, the processed samples were added to a sample table and assigned to their respective groups. The alignment processing method provided two parameters, for retention time (RT) and for mass spectral matching. RT match criteria took into account a maximum RT difference and a maximum number of modulation periods between peaks. For spectral matching, a mass threshold and a minimum similarity match were defined.
Besides a separate signal to noise ratio for peaks not found by the initial peak finding, thresholds for analytes to be kept for statistical evaluation (minimum number of samples or minimum percent of samples in a class that contain the analyte) were defined.
A log2 fold change of each time point relative to time zero (control condition) with a cutoff value of ± 0.5 was calculated to provide a rough estimate of differential accumulation of metabolites over the time course. This was followed up by using Student's t-test to determine statistical significance (p value < 0.05) of difference relative to control (time 0) for all metabolites at all time points (which matched the 2-fold cutoff estimate). This led to the determination that 82 of the ~150 metabolites that were quantified changed significantly at at least one time point relative to the control.
Functional annotation
For mapping Chlamydomonas genes onto the Kyoto encyclopedia of genes and genomes (KEGG) pathway annotation, we used an annotation DB for gene number with KEGG orthology from the Phytozome website. The Phytozome peptide DB was used for Blast2GO V2.5.0 analysis (Conesa A et al, 2005) . BLAST was performed using the following settings: blast DB: nr; number of blast hits: 20; blast E cutoff: 1.0×e-3; blast program: BLASTP; blast mode: QBlast-NCBI; highscoring segment pair (HSP) length cutoff: 33; low complexity filter: on. A total of 17,414 sequences were imported into Blast2GO for BLAST analysis. Annotation was performed with an E-value hit filter of 1×e-6, annotation cut-off of 55, GO weight of 5 and HSP hit coverage of 30.
To provide a general representation of the distribution of GO annotation, the GO Slim classification for Plants was obtained, and curated manually.
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Quantitative RT-PCR conditions and analysis
Total RNA was isolated from the cell pellet using the Trizol reagent (Ambion). 
Accession Number
Sequences data from this article concerning the time-course N deficiency are deposited in the sequence read archive (http://sra.dnanexus.com) under accession number SRA115617.
Correlation analysis
We performed a time lagged-correlation analysis, where the time-series data were detrended .
Network motif identification
A preliminary a study was performed using FANMOD (Wernicke and Rasche, 2006), which reports subgraphs that occur significantly more often than in random networks. A network motif was defined based on the criterion that the number of occurrences must be at least five, and also must be significantly higher than that used in randomized networks. The significance test was carried out on 1000 randomized networks, and a pattern with p < 0.05 was considered statistically significant. The NetMatch (Ferro et al; 2007) plug-in in Cytoscape was also used to identify single enriched network motifs. Individual gene expression ratios (nitrogen deprivation sample to control 0 h sample) were calculated using RPKM data generated by RNA-Seq and plotted against calculations done for the same gene using qRT-PCR) Supplementary Table Legend   Table S1 . List of the regulatory hubs identified in Chlamydomonas during N deprivation.
Supplementary Dataset legend
Dataset S1. This excel workbook contains 16 worksheets that contain the expression data for all TF, TR and metabolic enzyme genes and proteins discussed in this manuscript. The first three sheets contain the transcript and protein levels of transcription factors (TFs) and transcriptional regulators (TRs) identified under nitrogen starvation. The first sheet lists the log2-fold change of transcript levels for transcription factors (TFs). The second sheet lists the log2-fold change of transcript levels for transcriptional regulators (TRs). And the third sheet compares protein levels to transcript levels for those TRs or TFs that were identified in the proteomics data.
The next three sheets contain the correlation values (Pearson correlation) that were calculated for all expressed TFs (417) and (82) Early specific hubs HB (2) Cre02.g109650 Cre08.g375400
Supplementary table
HSF (2) Cre09.g387150 Cre07.g354500
MADS (2) Cre11.g467577 Cre06.g253250
mTERF (4) Cre09.g408050 Cre12.g560750 Cre12.g542500 Cre10.g427000
Myb (12) Cre09. NF-YB (3) Cre07.g341800 Cre02.g079200 Cre17.g739450
NF-YC (4) Cre03.g193900 Cre04.g226400 Cre12.g556400 Cre16.g680050
NF-X1 (1) Cre03.g163200
Orphans (15) Cre13.g602700 Cre10. Whirly (1) Cre02.g091550
WRKY (1) Cre04.g228400 Nodes: TFs are represented as red circles for early phase responders, green circles for late phase responders and yellow circles for other pattern of response. Genes for metabolic enzymes are represented as unique color squares specific for each biological process. Lines connecting two nodes represent significant correlations: red represents a positive correlation and blue represents a negative correlation. See Dataset S1 for details on genes included in this analysis. Table S3 and Fig. 2 for details on genes included in this analysis. . Individual gene expression ratios (nitrogen deprivation sample to control 0 h sample) were calculated using RPKM data generated by RNA-seq and plotted against calculations performed for the same gene using qRT-PCR. 
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